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-Pangasinan E l e c t r i c C o o p e r a t i v e I P I C O P -Paper I n d u s t r i e s C o r p o r a t i o n o f t h e P h i l i p p i n e s ABSTRACT Development and management o f p l a n t a t i ons t a s u p p o r t wood-energy programs Rave been a g g r e s s i v e l y promoted i n t h e P h i l i p p i n e s s i n c e 1979, Over 60,000 h e c t a r e s o f energy p l a n t a t i o n s have been p l a n t e d under government-supported programs, T h i s paper documents t h e problems and accomplishments o f these programs, and d e s c r i b e s p l a n t a t i o n e s t a M i s hment , n a i ntenance, p r o t e c t i o n , growth and yi el d , h a r v e s t i n g , and wood t r a n s p o r t , Research priorit i e s f a r i m p r o v i n g energy f a r m o p e r a t i o n s a r e a l s o suggested,
I n t r o d u c t i on L i k e most devel o p i n g c o u n t r i e s w i t h l a r g e p o p u l a t i o n s , t h e P h i l i p p i n e s w i l l be c o n f r o n t e d w i t h fuelwood shortages--p o s s i b l y severe shortages--wi t h i n t h e n e x t two decades, A l ready, f u e l wood i s s c a r c e i n p a r t s o f t h e n o r t h e r n and c e n t r a l Phi 1 i p p i nes,
The l a r y e l y r u r a l P h i l i p p i n e popul a t i o n o f 55 m i l l i o n depends h e a v i l y on f i rewood, especi a1 l y f o r cooking, Surv e y i n g fuelwood consumption i n I 1 ocos Norte, Hyman (1985) e s t i m a t e d annual iqood use a t 3,172 kg/household (ahout t h r e e -f o r~r t h s o f a s o l i d r l 3 / p e r~o n l y r ! , E s t i m a t e s o f 0,76 t o O,H7 m3/person/yr have heen nade f o r o t h e r r u r a l areas i n t h e P h i l i p p i n e s (Wiersun 1982) , C o u~t r ywide, household fueliqood use i s conserva t i v e l y e s t i r l a t e d a t 33,s r~i l l i o n s o l i d n 3 a n n u a l l y and i s expected to r i s e t o 33,5 r~i l l i o n s o l i d r13 by t h e y e a r 2000 ( i i e v i 11 a 1985).
I n d u s t r i a1 f u e l wood and c h a r c o a l use f o r g e n e r a t i n g e l e c t r i c i t y and steam, s m e l t i n g , and d r y i n g i s m3/y r (Kevi 11 a B985), P r o j e c t i o n s made by t h e P h i l i p p i n e F o r e s t r y Development Center suggest t h a t f u e l wood suppl i es w i l l 1 ag behi nd d e s i r e d demand by a t l e a s t 8 2 m i l l i o n s o l i d 1x3 annual l y by t h e y e a r 2000 i f t h e p r e s e n t course o f P h i l i p p i n e f o r e s t r y i s mai n t a i ned (Revi 1 l a 1985). Continued low p e t r o l e u m p r i c e s may mean i n d u s t r i a l fuelwood demand w i 11 grow a t a s l i g h t l y slower pace t h a n p r e v i o u s l y a n t i c i p a t e d , h u t denand i s s t i l l l i k e l y t o outpace s~~p p l i e s by a s i g n i f i c a n t r l a r y i n , Kecogni z i ng t h e Pile l wood needs o f t i l e r a p i d l y i n c r e a s i n g popirl a t i o n , and h o p i n g t o s u b s t i t u t e wood f o r i~t p o r t e d fuel i n ryany i n d u s t r i a l processes, t h e P h i 1 i p p i ne Governnent has expanded f u e lwood i l l a n t a t i o n s i n r e c e n t years, Sirni 1 a r l y , t h e p r i v a t e s e c t o r has responded t o t h e i n c r e a s e d demand f o r fuelwood.
Tree f a r m i n g has become p r o fi t a b l e f o r a number o f p r i v a t e i n v e s t o r s w i t h access t o land, T h i s paper focuses on e f f o r t s by Phi 1 i p p i ne government agencies t o devel op energy p l a n t a t i o n s , F i r s t , i n s t i t ut i o n a l arrangements t h a t support t r e e f a r m i n g a r e i d e n t i f i e d , and p l a n t i n g accompl i shments a r e documented, P l a n t at i o n management, i n c l u d i n g e s t a b l i s hment, maintenance, p r o t e c t i o n , h a r v e s ti ny, and wood t r a n s p o r t , i s t h e n d e s c r i b e d i n general, P a r t i c u l a r a t t e nt i o n i s focused on h a r v e s t i n g , f o rw a r d i ng, and wood t r a n s p o r t , because t h e s e a c t i v i t i e s have been p o o r l y documented up t o now, F i n a l l y , r e s e a r c h p r i o r i t i e s f o r s t r e n g t h e n i n g t r e e farmSng o p e r a t i o n s a r e suggested, 2. O r g a n i z a t i o n s and Accomplishments The p r i n c i p a l g o v e r n n~n t a g~t n c i es s g p p o r t i n g energy p l a n t a t i o n developrlent i'l t h e P h i l i p p i n e s a r e t h e r i a t i r l n a l E l e c t r i f i c a t i o r~ A d n i n i s t r a t i o n (NEA), t h e Farm Systems Devel n p t x n t Gorporat i on (FSUC), t h e M i n i s t r y o f Human S e t c l ernents (ElHSf , and t h e Bureau o f F o r e s t Development (BFO) .
2.1 N a t i o n a l E l e c t r i f i c a t i o n Admi n i s t r a t i o n Programs
The NEA manages two rnajor woodenergy programs. The Dendro Thermal Power Program uses wood t o generate e l e c t r i c i t y f o r r u r a l power g r i d s . The TANGLAW Program produces wood f o r a number o f markets and uses.
Dendro Thermal Power Program
The Dendro Thermal Power Program i s t h e b e t t e r known o f t h e NEA's two m a j o r wood energy programs b e c a u w i t s progr e s s has been documented by s e v e r a l a u t h o r s ( A d r i ano 1982; Denton 1983; D u r s t 1986a, 1986b; l i a r l o w and Adriano l(480). The p r o g r a n p l a n s 60 t o 70 woodf i r e d e l e c t r i c i t y -g e n e r a t i ng pawerpl a n t s --each w i t h s u p ? o r t i ng energy p l ant a t i o n s o f 1,100 ha o r more. b e n e f i t s , i n f r a s t r u c t u r e developnent , and a guaranteed market f o r t h e f a r m e r s ' wood.
Over 8,000 ha o f p l a n t a t i o n s have been e s t a b l i s h e d under t h e Dendro Thermal Power Program (NEA 1984b) . Although p l a n t i n g success has improved s t e a d i l y s i n c e 1980 ( t a b l e I ) , s u r v i v a l and c o s t e f f e c t i v e n e s s v a r y d r a m a t i c a l l y among t h e 43 p r o j e c t s i t e s ( t a b l e 2 ) . T h i rt e e n s i t e s have n o t y e t e s t a b l i s h e d 100 hd o f p l a n t a t i o n s , and f i v e s i t e s have s u r v i v a l r a t e s below 10 p e r c e n t . Rut s i x s i t e s now have more t h a n 400 ha o f e s t a h l i s h e d p l a n t a t i o n s , and n i n e s i t e s boast s u r v i v a l r a t~s o f over 80 p e r c e n t . P r o j e c t managers a t t r i hut^ successes t o s e c u r i t y o f l a n d t e n u r e , p r ov i s i o n o f loans t o f a r r l~e r s , s u i t a b l e s i t e s f o r growing t r e e s , and yuardnteed markets.
F a i 1 u r e s a r e usual l y a t t r i bu t e d t o f r e e -r o a m i n g l i v e s t o c k o r u n f av o r a b l e s o i 1 c o n d i t i o n s . Inadequate i n s t i t u t i o n d l support and poor o r y a n i z at i o n a r e a l s o r e s p o n s i b l e f o r f a i l u r e s a t some p r o j e c t s i t e s , Furthermore, t h e c o u n t r y ' s macroeconomic p r o b l ems have f o r c e d t h e NEA t o d i s c o n t i n i r e i t s farrner 1 oan prograrn ( t a b l e 1 ) . Table 1 .--Loan r e l e a s e s and p l a n t i n g accomplishments a t 44 P h i l i p p i n e dendrothermal s i t e s , Nood t o supply t h e powerplants i s grown hy upland farmers r e c r u i t e d by t h o NEA r u r a l $1 e c t r i c c o o~e r a t i ves t h a t manage t h e p r o j e c t s l o c a l l y . Farmers a r e o r g a n i z e d i n a s s o c i a t i o n s o f 10 f a r l i l i e s each.
The t r e e farmer assoc i a t i o n s a r e e l i g i b l e t o l e a s e up t o 100 ha o f l a n d (10 h a l f a m i l y f from t h e government a t t h e concessionary r a t e o f 0.50 peso ( l e s s t h a n $0.10)/ha/yr. The NEA loans money t o t h e r u r d l e l e c t r i c c o o p e r a t i v e s , who, i n t u r n , l o a n farmers up t o 3,500 pesos (8467 a t 1980 exchange r a t e s ) / h a t o h e l p d e f r a y t h e c o s t o f p l a n t a t i o n e s t a b l i s h m e n t and management. The loans, which c a r r y i n t e r e s t charges o f 12 p e r c e n t p e r y e a r , a r e r e p a y a b l e i n 12 y e a r s , i n c l u d i n g an i n i t i a l 4-year grace p e r i o d .
A s s i s t a n c e i s a l s o g i v e n t o farmers i n t h e t e c h n i c a l aspects o f p l a n t i ng and managi ng t r e e s . Other i ncent i ves i n c l ude heal t h and medical 45 .0 aNEA computes area s u r v i v i n g based on number o f t r e e s p e r h e c t a r e r e l a t i v e t o f u l l s t o c k i n g o f 10,000 t r e e s ; thus, a h e c t a r e w i t h o n l y 5,000 l i v e t r e e s i s counted as one-half o f a s u r v i v i n g hectare.
Source: Dendro Thermal Development O f f i c e , N a t i o n a l E l e c t r i f i c a t i o n A d m i n i s t r a t i o n , P h i l i p p i n e s .
Tab1 e 2 ,--Cost e f frecti veness o f r e f o r e s t a t i o n e x p e n d i t u r e s a t Phi 1 i p p i ne d e n d r o t h e m a l s i t e s , "ies t h a n 10,000 pesos spent per s u r v i v i n g hectare. '~e t w e e n 1U,000 and 20,000 pesos spent per s u r v i v i n g hectare. dovet-20,000 pesos spent per survl v i ng hectare.
.1 .TANGLAW Program
The TANGLAM Program, a1 so admi ni s t e r e d by t h e NEA, has "'Family Tree Farrn" and "School P l a n t i ngs" components, Under t h e Family Tree Farm coryponent, f a r m e r a s s o c i a t i o n s a r e s i m i l a r t o t h o s e i n t h e Dendro Thermal Power Program, e x c e p t t h a t o n l y rninirna'i a s s i s t a n c e i s y r o v i d e d f o r p l a n t a t i o n e s t a b l i shment and rnanagernent.
No f i n a n c i n g i s o f f e r e d , a t o 2 kg/ha 1 eucocepha -nd m a t e r i a l support i s l i m i t e d o f g i a n t i p i 1 -i p i l (Leucaena l a (Lam,) de W i t ) seeds, Success o f x h e program depends on p r ov i d i n g markets f o r t h e wood t h a t i s p r oduced, Depending on t h e l o c a t i o n o f t h e p r o j e c t s , wood o r c h a r c o a l may be s o l d t o i n d u s t r i e s (e.g., s m e l t e r s , d r y i n g f a c i l i t i e s , cement manufacturers, and p o t t e r y makers), marketed i n t h e c i t i e s , o r exported, I n a d d i t i o n , farmers may s e l l wood t o dendrothermal powerpl a n t s w i t h d e f i c i e n t fuelwood suppl i e s , Ky t h e end o f 1984, a f t e r 2 y e a r s o f o p e r a t i o n , more t h a n 360 t r e e farrners a s s o c i a t i ons had heen o r g a n i zed and 18,000 ha had r e p o r t e d l y been p l anted ( S u r t i d a 1984), R e l i a b l e surveys have n o t been conducted t o d e t e r~~i n e t h e area o f s u r v i v i n g p l a n t a t i o n s , Under TANGLAW ' s School P I a n t i ngs P r o j e c t , 2,000 pesos ($154 a t 1983 exchange r a t e s ) / h a a r e loaned t o a y r ic u l t u r a l c o l l eges, S t a t e c o l l eyes, and o t h e r schools f o r p l a n t i n g and managing t r e e farms.
As w i t h t h e Family Tree Farm component, m a r k e t i n g s t r a t e g i e s depend on t h e l o c a t i o n o f t h e p l a nt a t i o n , Plore t h a n 1,609 ha had been p l a n t e d by schools by t h e end o f 1984 ( S u r t i d a 1983),
Farm Systems Development C o r p o r a t i o n Programs
The FSOC i s a government-operated c o r p o r a t i o n t h a t p r o v i d e s t e c h n i c a l and f i nanci a1 support f o r r u r a l development .
Since 1980, t h e FSDC has a c t i v e l y p r omoted t r e e f a r m i n g as a means of i n c r e a s i n g r u r a l f a r m e r s ' income.
I n m i d-1984, t h e FSDC r e p o r t e d 2,341 ha o f s u r v i v i n g energy p l a nt a t i o n s , m o s t l y i n t h e western Visayas and I'lindanao (NEA 1984a), The FSOC t r e e farmers a r e o r g a n i zed i n a s s o c i a t i o n s s i m i l a r t o t h o s e i n t h e NEA programs. The FSUC l o a n s money, p r o v i d e s a d v i c e and funds f o r b u i l d i q g c h a r c o a l k i l n s , t r a n s p o r t s wood, and nakes n a r k e t cont a c t s f o r farmers.
Wood from t r e e farms i s converted t o charcoal f o r s a l e i n t h e c i t i e s o r f o r e x p o r t ,
The FSIIC program has been l e s s s u c c e s s f u l t h a n t h e two NEA programs because l o a n resources a r e more l i m i t e d and t h e FSDC l a c k s t h e o r g a n i z a t i o n a l advantages o f w o r k i n g w i t h t h e r u r a l e l e c t r i c c o o p e r a t i v e s and school s ,
M i n i s t r y o f Human S e t t l e m e n t s Programs
The PlHS promotes energy p l a n t a t i o n s i n c o n j u n c t i o n w i t h i t s h a u s i n g and r e s e t t l e m e n t programs and t h e K i l u s a n g Kabirhayan a t Kaunl a r a n L i v e l i hood Program.
Over 2,700 ha had been p l a n t e d by mid-1984, E i g h t hundred ha have been p l a n t e d i n Negros O c c i d e n t a l alone, S i g n i f i c a n t areas have a1 so been p l anted i n t h e I l o c o s r e g i o n , i n c e n t r a l Luzon, and i n s o u t h e r n and c e n t r a l rlindanao (NEA 1984a).
2.4
Bureau o f F o r e s t Development Programs
The RFI) r e p o r t s rfevel o p i ng 22,750 ha o f fuelwnod p l a n t a t i o n s s i n c e 1979. rlore t h a n o n e -f o u r t h a r e i n t h e p r o v i n c e o f Cagayan i n n o r t h e a s t e r n Luzon (NEA 1984a) . The BFU uses a "communal t r e e farm" approach t h a t p r o v i d e s up1 and farm fami 1 i e s w i t h t e c h n i c a l a s s i s t a n c e , seeds and seed1 i n g s , and l e g a l access t o land.
The BFD a l s o a l l o w s p r i v a t e compani es t o develop energy p l a n t a t i ons on government l a n d under i t s I n d u s t r i a1 Tree P l a n t a t i o n ( I T P ) Program, Tax exemptions, c r e d i t p r i o r i t y , e x p o r t p r i vi l e g e s , and o t h e r i n c e n t i v e s a r e p r ov i d e d a1 ong w i t h l o w -c o s t 50-year l a n d leases. Only a few ITP 1 i c e n s e s have been granted, however, and l i t t l e o r no p l a n t i n g has been accomplished.
2.5
Other Government Programs A few p r o v i n c i a l , m u n i c i p a l , and barangay ( v i 11 age) governments a r e d e v e lo p i n g t r e e farms, u s u a l l y i n response t o d i r e c t i v e s from M a n i l a r e q u i r i n g l o c a l governments t o e s t a b l i sh energy p l ant a t i o n s .
Compliance i s f a r s h o r t o f u n i v e r s a l , however, and s u c c e s s f u l l o c a l government p l a n t a t i o n s a r e seldom seen. The l o c a l programs usual l y l a c k f i n a n c i a l resources, t e c h n i c a l e x p e r t i s e , and a c l e a r d e f i n i t i o n o f t a r g e t b e n e f i c i a r i e s .
2.6
Nongovernment I n i t i a t i ves Several f o r e i g n a s s i s t a n c e o r g a n iz a t i o n s (e,g,, U.S. Agency f o r I n t e rn a t i o n a l Development, World Bank, Asian Oevel opment Bank, and p r i v a t e v o l u n t a r y o r y a n i z a t i o n s ) now support energy p l a nt a t i o n development w i t h v a r y i n g degrees o f success.
I n a d d i t i o n , a growing number o f p r i v a t e c o r p o r a t i o n s and i n d iv i d u a l s a r e p r o d u c i n g t r e e s f o r fuelwood,
especi a1 l y i n areas where dependabl e markets e x i s t ( e , y , , l l o c o s tabaccogrowing r e g i o n , western V i sayas sugarp r o d u c i ng r e g i o n , and areas s u r r o u n d i ng dendrothermal p l a n t s , smef t e r s , p o tt e r i e s , e t c , ) , These p r i v a t e i n i t i a t i v e s a r e o f t e n more s u c c e s s f u l t h a n government p r o j e c t s because t r e e s a r e p l a n t e d on b e t t e r q u a l i t y l a n d and more p r o t e ct i o n i s g i v e n t o young p l a n t a t i o n s . Because nongovernment p l a n t a t i o n s a r e so w i d e l y d i s p e r s e d , however, no a c c u r a t e e s t i m a t e s o f t h e i r t o t a l area o r s t a n d i n g volume a r e a v a i l a b l e ,
3.
P l a n t a t i o n E s t a b l i s h m e n t
P l a n t a t i o n e s t a b l i shrnent procedures v a r y t h r o u g h o u t t h e P h i l i p p i n e s w i t h c l i m a t i c , edaphic, s o c i a l , and economic
d ? f f e r e n c e s , Nonetheless, common a c t i Yi t f e s and experiences can be presented,
P l a n t a t i o n L o c a t i o n W i t h 2 a p o p u l a t i o n d e n s i t y o f 184
people/km , i n t e n s e p r e s s u r e s a r e p l a c e d
on t h e P h i l i p p i n e l a n d base. As a r e s u l t , most qua1 i t y 1 owl and i s occupied b y a g r i c u l t u r a l f i e l d s , i n d u s t r i a l f a c i li t i e s , houses, o r roads. Energy p l a nt a t i o n s and a s s o c i a t e d f o r e s t r y product i o n a c t i v i t i e s a r e u s u a l l y r e l e g a t e d t o r o a d l e s s s i t e s , which a r e steep, rocky, and i n f e r t i l e , Surveys o f NEA and FSOC energy p l a n t a t i o n s i t e s r e v e a l t h a t t r e e s a r e o f t e n p l a n t e d on 40-t o 60-degree slopes. S o i l s w i t h pH below 5.0 predominate a t some l o c a t i o n s , Dry seasons t y p i c a l l y l a s t 5 t o 7 months a t many p r o j e c t
s i t e s , The l a c k o f roads and t r a i 1s a t nlountairl s i t e s c o m p l i c a t e s s e e d l i n g d i s t r i b u t i o n , s i l v i c u l t u r a l a c t i v i t i e s , and m a r k e t i n g o f wood.
Elost l a n d now b e i n g developed by NEA, FSDC, and MHS programs was p r ev i o u s l y under t h e management o f t h e BFD.
The BFU has f r e q u e n t l y been accused o f r e f u s i n g t o r e l i n q u i s h c o n t r o l o f i t s b e t t e r lands t o o t h e r agencies.
I n some areas, p o w e r f u l p o l i t i c i a n s have i n f l u e n c e d pt anners t o l o c a t e p r o je c t s so as t o p r o v i d e maximum efilployn e n t and b e n e f i t s f o r t h e i r c o n s t i t u e n t s o r hometowns. Not s u r p r i s i n g l y , s i t e s e l e c t i o n based more on p o l i t i c s t h a n on s i 1 v i cs has general l y produced poor r e s u l t s ,
3.2
Species S e l e c t i o n G i a n t i p i 1 -i p i 1 i s t h e most conmnn s p e c i e s grown i n P h i l i p p i n e energy p l a nt a t i o n s , making up a t l e a s t 90 p e r c e n t o f t h e t o t a l area p l a n t e d . The t r e e grows r a p i d l y , f i x e s n i t r o g e n i q t h o s o i 1 , i s easy t o manage, and coppices r e a d i l y a f t e r h a r v e s t i n g , I n a d d i t i o n , i t s wood makes e x c e l l e n t f u e l and c h a rc o a l , and i t s leaves make h i g h -p r o t e i n 1 i vestock feed ( N a t i o n a l Research C o u n c i l 1984), Leucaena grows p o o r l y , however, a t a1 t i t u d e s above 500 m o r h here s o i l pH i s below 5.5.
I n t h e e a r l y y e a r s o f energy p l a na t i on devel opment , many s i t e s p l a n t e d ' i t h i p i l -i p i l were b e t t e r s u i t e d f o r o t h e r species. The r e s u l t s were somet i m e s d i s a s t r o u s .
O f 1,031 ha p l a n t e d a t one dendrothermal p r o j e c t s i t e , f o r example, o n l y 10 ha s u r v i v e ,
More e f f o r t i s now b e i n g made t o d i v e r s i f y . T r i a l s have been e s t a b l i s h e d i n f o u r areas o f t h e c o u n t r y t o systema t i c a l l y assess t h e p o t e n t i a l o f 18
o t h e r species, A f t e r 2 y e a r s , p u Gmel i n a a r b o r e a Roxb., Acacia a u r i c u l i f o r m i s A, Cunn. ex Benth., Acacia mangium Willd., G l i r i c i d i a sepium (Jacq.) Steud., A l k i z i a lebbek (I.) Benth., C a l l i a n d r a ------c a l o t h y r s u s --~e i s s n . , --c a s s i a -s p e c t a b i
-----1 i s DC,, and s e v e r a l e u c a l y p t s a r e demons t r a t i ng t h e most p o t e n t i a l ,
S i t e P r e p a r a t i o n
Although secondary F o r e s t s a r e o c c a s i o n a l l y c o n v e r t e d t o energy farms, p l a n t a t i o n s a r e usual l y e s t a b l i shed on g r d s s l a n d s or h r~l s i j y areas. T h e r e f o r e , c l e a r i n g can t i s i l a l l y be a c c o n p l i s h e d w i t h o u t c h a i n saws o r heavy equipment.
Competing v e g e t a t i o n i s reifloved froin p l a n t i n g s i t e s by s l a s h i n g i t w i t h b o l o s (machetes). S l a s h i n g i s o f t e n f o l l o \ r e d by b u r n i n g . Although most s i t e s a r e t o o steep o r r o c k y t o p e r m i t i t , p l o w i~g has been s u c c e s s f u l i n some areas (Cadaweng 1985) . Plowing i s c o s t l y , b u t i t e f f e c t i v e l y reduces comp e t i t i o n and a l l o w s farmers t o grow f o o d c r o p s d u r i n g t h e y e a r f o l l o w i n g p l a nt a t i o n e s t a b l i s h m e n t , I n some areas, farmers d i g h o l e s f o r t h e seed1 i n g s s e v e r a l weeks p r i o r t o t h e r a i n y season so t h a t p l a n t i n g can p r~c e e d q u i c k l y when t h e r a i n s begin.
3.4 P l a n t i n g V i r t u a l l y a l l t r e e p l a n t i n g i n t h e P h i l i p p i n e s i s done by hand. The s p a c i ng n o s t o f t e n recomvendsd f o r energy p l a n t a t i o n s i s 1 n x 1 q, o r 7 L~I ,~J V I\ r i ( ) t r e e s / h a , Best s w v i v a l i s a t t a i n e d when c o n t a i n e r -g r o w n s e e d l i n g s a r e p l a n t e d , b u t d i r e c t seeding i s more common a t most p l a n t a t i o n s i t e s , Rarer o o t seed1 i ngs have been p l anted succ e s s f u l l y a t a few l o c a t i o n s b u t a r e n o t used e x t e n s i v e l y .
Where s o i l and w a t e r c o n d i t i o n s a r e f a v o r a b l e , d i r e c t seeding can be j u s t as s u c c e s s f u l as p l a n t i n g s e e d l i n g s , and i t i s much more econornic a l because n u r s e r y o p e r a t i o n s a r e unnecessary. D i r e c t seeding sometimes r e s u l t s i n stands t h a t a r e overstocked, however, because farmers t e n d t o p l a n t s e v e r a l seeds a t each h i 11. With good g e r m i n a t i o n , a s t a n d o f 20,000 t o 30,000 stems/ha may r e s u l t , and few o f t h e stems w i l l grow t o d e s i r e d diameters.
I n many places, a c r o p o f u p l a n d r i c e , corn, beans, o r r o o t crops i s p l a n t e d b e f o r e o r s i m u l t a n e o u s l y w i t h t h e seed1 i n g s and h a r v e s t e d b e f o r e t h e t r e e canopy c l o s e s , These crops p r o v i d e food and a d d i t i o n a l income f o r farmers, which h e l p s o f f s e t t h e i r o u t 1 ays f o r p l a n t i n g , By c u l t i v a t i n g crops s i w u l t an e o u s l y w i t h t r e e s , competing weeds and grasses a r e more e f f e c t i v e l y suppressed. I n a d d i t i o n , where such crops a r e p l a n t e d , f a r r l e r s t e n d t o he more a c t i v e i n p r o t e c t i ng t h e i r p l a n t a t i ons f rorrl f i r e and y r d z i n y l i v e s t o c k , 3.5 Weeding P l a n t a t i o n s must be weeded f r equent 1 y u n t i 1 t r e e s reach a h e i y h t aF 1 , 5 t o 2 m, o r u n t i 1 t h e canopy begins t o c l o s e and t h e t r e e s a r e a b l e t o cornp e t e e f f e c t i v e l y w i t h grasses and weeds, Tenacious qrasses such as coyon ----i n d r i c a (L.) ~e a u v . ) and accharum spontaneum ( L a ) ) a r e usual l y t h e most trodblesome. . A t ' i e a s t t h r e e weedings about 2 months a p a r t a r e necessary b e f o r e t r e e s o v e r t a k e t h e grasses.
On p o o r e r s i t e s , s e v e r a l more c l e a n i n g s may be r e q u i red.
Grasses and weeds a r e c u s t o m a r i l y c u t by hand w i t h curved g r a s s -c u t t i n g b l a d e s o r b o l o s , b u t a t l e a s t one p r o je c t i s h a v i n g considerable success w i t h h e r b i c i d e s (Cadaweng 1985), A f t e r grasses and weeds a r e c u t , t h e y a r e p l a c e d a t t h e base o f t h e young t r e e s f o r r~u l c h .
3,6 F e r t i l i z a t i o n V a r i o u s f e r t i 1 i z e r formul a t i ons a~d appl i c a t i on r a t e s a r e recomnended a t p l a n t a t i o n s i t e s , The recomnendat i o n s a r e o f t e n ignored, however, because o f t h e h i g h c o s t o f f e r t i l i z e r , A p a r t i a l s o l u t i o n suggested by Johnson (1985) c a l l s f o r more c a r e f u l m a t c h i n g o f spec i e s t o s i t e s , t h u s rni n i m i z i ng t h e need f o r f e r t i l i z e r .
Labor and M a t e r i a l Requirements
Labor and m a t e r i a l r e q u i rements f o r p l a n t a t i o n e s t a b l i shment v a r y c o n s i d e ra b l y w i t h c o n d i t i o n s at each p l a n t i n g s i t e and w i t h t h e method o f e s t a b l i s hment. Rased on 4 y e a r s "experience a t 44 p r o j e c t l o c a t i o n s , t h e MEA Dendro Thermaf Development O f f i ce has e s t i m a t e d t h e average r e q u i rements f o r e s t a b l i shi ng leucaena p l a n t a t i o n s ( t a b l e 3 ) . S i m i 1 a r r e q u i r e n e n t s have been observed f o r o t h e r species, 4 , P I a n t a t i o n Maintenance and P r o t e c t i o n A f t e r trees r e a c h 2 m i n h e i g h t , a m i n i n u n o f maintendqce i s r e q u i r e d , A merlber o f t h e t r e e farirl Fani l y may occas i o n a l l y v i s i t t h e p l a n t a t i o n t o guard a g a i n s t wandering l i v e s t o c k , w i l d f i r e s , and i l l e g a l woodcutters, b u t p l a n t a t i o n s a r e seldom checked more t h a n two o r t h r e e t i m e s a week a f t e r t h e f i r s t growing season,
n g encountered i n many leucaena p l a nt a t i o n s , Although t h e d e f o l i a t o r s can be c o n t r o l l e d by s p r a y i n g w i t h s y s t e m i c s ( N i t r o g e n F i x i ng Tree Associ a t i on 1986) , most farmers a r e r e l u c t a n t t o i n v e s t i n i n s e c t i c i d e s t o p r o t e c t t r e e s , They p r e f e r t o a l l o w t h e i n f e s t a t i o n t o r u n i t s course, c o n f i d e n t t h a t t h e t r e e s w i l l s u r v i v e , Most t r e e s do s u r v i v e , b u t growth i s s e v e r e l y c u r t a i l e d by t h e d e f o l i a t i o n s , P l anners and p r o j e c t managers have f r e q u e n t l y discussed t h i n n i n g o p t i o n s f o r p l a n t a t i o n s (Dugan 1985; F o r e s t E n g i n e e r i n g I n c o r p o r a t e d 1984; Paper I n d u s t r i e s C o r p o r a t i o n o f t h e P h i l i p p i n e s 1985). T h i n n i n g would be b e n e f i c i a l , e s p e c i a l l y where d i r e c tseeded stands have o v e r 10,000 stems/ha. To date, however, very t i t t l e t h i n n i n g has occurred, Many managers a r e a f r a i d t h a t encouragi ng farmers t o t h i n w i 11 l ead t o o v e r c u t t i ny, Conversely, many farrners a r e r e l u c t a n t t o c u t any t r e e s b e f o r e t h e y reach f i n a l h a r v e s t age, s i n c e t h e y b e l i e v e t h a t a l l stems--even t h o s e i n dense s t a n d s --w i l l reach a d e s i r e d l a r g e d i a m e t e r i f a l l o w e d t o grow,
Others f e e l t h e r e t u r n s w i l l n o t o f f s e t t h e l a b o r and m a r k e t i n g c o s t s a s s o c i a t e d w i t h t h i n n i n g , Table 3 . P l a n t a t i o n Establishment C l e a r i n g / b r u s h i n g S t a k i n g H o l e d i g g i n g P I a n t i ng T r a n s p o r t i n g s e e d l i n g s P l a n t a t i o n Maintenance Source: Dendro Thermal ~e v e l opment O f f ice, National E l e c t r i f i c a t i o n Administration, P h i l i p p i n e s .
Growth r a t e s o f energy pl a n t a t i o n s v a r y tremendous] y, dependi ng on t h e q u a l i t y s f management and t h e s i t e , On e x p e r i m e n t a l p l o d s , g r o w t h o f t e n a v e r - 
I s t a c k e d m3 ( s t e r e s j a v e r a g i n g 400 k g green weight,
Sources: Column A, Gaudie and Moore (1985) ; Column H , MacDickenj 1985); Column C, NEA (1985) ; Column D , Van Den B e l d t (1984) .
Under
Subsequent coppice crops a r e h a r v e s t a b l e a f t e r 2 years. P l a n t a t i o n s prodlrcirlg f u e l f o r dendrodhermal powerplants a r e a l l o w e d t o grow 3 t o 5 y e a r s b e f o r e t h e f i r s t h a r v e s t , Ry t h e n , t r e e s normally range froil 5 t o 13 c1-i i n d i a m e t e r a t b r e a s t h e i g h t (d.h,h.), depending Q Q s t a
I
f c h a r c o a l p r o d u c t i o n i s d e s i r e d , t r e e s a r e forwarded t o k i l n s b e f o r e bucking,

f o a l s and Equipment
H a r v e s t i~g o f energy p l a n t a t i o n s i n t h e P h i l i p p i n e s i s n e a r l y altdays done w i t h c h a i n sans, b o l o s , o r both, P/(any o f t h e l a r g e r o p e r a t i o n s employ c h a i n saws, p r i m a r i l y t o speed up h a r v e s t i n y ' a c t i v i t i e s when c o n t r a c t s r e q u i r e wood t o be d e l i v e r e d by a spec i f i c date, Chain saws Filay a l s o he used when l a b o r i s t e m p o r a r i l y i n s h o r t supply.
A t some p l a n t a t i ons (e, g, , CASURECO IV, Gamarines Sur), t r e e s a r e f e l l e d by c h a i n saws, t h e n l i m b e d and trimmed by l a b o r e r s u s i n g bolos, A t FICELCO (Catanduanes) , t r e e s a r e f e l l ed and l i m b e d by b o l o ; c h a i n saws a r e used only
t o buck l o g s t o t h e l e n g t h d e s i r e d by t h e buyer,
O r i g i n a l p l a n s c a l l e d f o r f a r m e r s a t a1 l dendrothernal p r o j e c t
s i t e s t o h a r v e s t t h e i r t r e e s w i t h r e n t e d c h a i n saws,
A t FANELCO I (Pangasinan), however, where t h e most h a r v e s t i n g e x p e r i e n~g has been gained so f a r , f a r 9 -e r s have abandoned t h e use o f c h a i n saws i n f a v o r s f bolos, The h i g h c o s t s o f f u e l , a l o n g w i t h u n f a m i l i a r i t y w i t h chain-saw o p e r a t i o n and maintenance, a r e i d e n t i f i e d as t h e m a i n reasons f o r v~a q t i n g t o r e t u r n t o b o l o h a r v e s t i n g .
Chronl"ca1ly d u l l and i m p r o p e r l y adjusted c h a i n s , broken c h a i n s , and p o o r l y t~lraec-l engines a r e common p r o h l e n q ,
S t r~d i e s hy Hodan and A s s o c i a t e s , I n c , (1385) an4 t h e I n t e r n a t i o n a l t a h o r Oryani r a t i o n (Laarnan and o t h e r s 1961) s u p p o r t t h e rise o f h a n d t o o l s o v e r c h a i n sdws f o r h a r v e s t i n g s n a l l t r e e s , Hodan
a n d Associ a t e < , Xnc, (1985) recorlmend t h e f o l l o w i n g guide1 i n e s f a r h a r v e s t i n g fuelwood p l a n t a t i o n s :
*Trees up t o 8 crn i n d i a m e t e r s h o u l d be f e l l e d , topped, and bucked w i t h b o l o s ,
*Axes should be used t o f e l l and t o p t r e e s w i t h diameters g r e a t e r t h a n 8 cm,
.Row saws should be used f o r b u c k i n g trees l a r g e r t h a n 8 cm i n d i a m e t e r ,
. G u t t i n g w i t h c h a i n sans i s n i~h n o r e expensi v e t h a n c u t t i n g w i t h h o l o s , axes, a n d how saws; t h e r e f o r e , the rrse o f c h a i n saws s h o u l d he a vo i ded ,
A l thorrgh i n the I n t e r n a t i o n a l Lakor
Organi z a t i o n s t u d i e s , handtool s were found t o be c o s t c o m p e t i t i v e w i t h small c h a i q saws, bow saws were reconmended o v e r axes o r b o l o s because o f f a s t e r c i~t t i n g speed and s m a l l e r k e r f (Lanrman a n d o t h e r s 1981), The I n t e r n a t i o n a l l a b o r Oryani z a t i o n s t u d i e s were cond u c t e d i n p l a n t a t i o n s o f A l b i z i a f a l c a ---------
t a r i a ( L . ) ' Fosb., where t r e e d i arneters
a r e somewhat g r e a t e r and wood i s l e s s dense t h a n i n most energy p l a n t a t i o n s , however, A d d i t i o n a l r e s e a r c h w i t h sl-ictl 1 -ti i ai?i;l+,er t r e e s an4 1+r75t3r S~F ? C I e i i s n e c e s 5 a r j t o r e c o n c i 1 e t t i > p a r e n t i rlcorlS3 s t e n i l rts betwecn t ' 7~ rec0171.1~rf-d d t i c i n -; i>t t l~e tior-fa~ a n d ' i s s i i c i a t e s , I n c . , dnd ' ? t e r n a t i o n a l "nbt~r Jrgdniz a t i on s t t e a i l s ,
C i t i r i :~ resiil t s o f t h e t-iociam a n d
A s s o c i ? t e s , inc,, s t u d i s , t h e YEA has p r o v i -tcd s , i l k t c r m p e r a t i v e s ;.ti t h bow slws nnd axes.
k c s e t o o l s hav? n o t been atdide7y t J -i s t r~i > u t e r f , however, 2nd i t reinai 7s t o hr seen how we1 l t i l e y w i 1 1 bc n c c e p t e d t-ty t r e e fdrirlers dfiti l a h o r e r s . pmerlt used f o r h a r v~s t i n g enf3ryy p i a n t a t i o n s I n t h e P h i l~p p r n e s E q i i i prient 
P r o d u c t i o n Rates H a r v e s t i n g p r o d u c t i o n r a t e s v a r y w i t h t h e s k i l l , s t r e n g t h , and s t a c t i n a of o p e r a t o r s and 1 a b o r e r s ; t h e e y u i pment used; t h e t o p o g r a~h y o f t h e g l a n t d t i o n ; t h e d e n s i t y and s i z e o f t h e t r e e s ; t h e c l irnate; and o t h e r f a c t o r s . S t u d i e s c o n d u c t e d by Hodam and A s s o c i a t e s , Inc,, ( 1 9 8 5 ) i n d i c a t e t h a t a l a b o r e r can c u t , t o p , buck, and s t a c k an
a v e r a y e o f 2.5 m3 ( 1 t ) woodlday w i t h h a n d t o o l s.
F i e l d e x p e r i e n c e a t PANELCO I, Otl3er w o r k e r s t h e n t r i n and s t a c k t h e wood by hand. 
Rowever, h<js 5hown t h a t I 2 b o r e r s d v e r a g e o n l y 1.5 n i (50U n g ) / d a y i f h a rv e s t i q g w i t h b o l o s a l o n e (8edano 1c485).
H a r v e s t i n g s t a n d s o f a v e r d g e y i e i d (2cli) i n j / h a a f t e r 3 y e a r s o f g r l~w t i~) r e q i i i r e 5 d b i l i j t 135 w~r k e r -d a y s / h
Oai l y wages f o r wood c u t t e r s m o s t o f t e n r e f l e c t t h e p r e v a i l i n g r a t e s f o r u n s k i l l e d l a b o r ,
T h i s r a t e ranges f r o m 20 pesos ( $ 1 , 0 8 ) f d a y , o r l e s s , t o as n u c h as 35 pesos ($1.89)/day. Some g o v e r n n e n t -s u p p o r t e d p r o j e c t s pay t h e i r 1 a h o r e r s a c c o r d i ny t o n i nimur-i wage s t a n da r d s ( 3 6 pesos o r $1.95, p e r day i n 1 9 8 5 ) , even t h o u g h such r a t e s a r e o f t e n s i g n i f i c a n t l y h i g h e r t h a n t h o s e p a i d by p r i v a t e e n t e r p r i s e s , w h i c h o f t e n i g n o r e 1 e g i s l a t e d wage s t a n d a r d s i n r u r a l areas.
Chain-saw o p e r a t o r s a r e cons i d e r e d semi s k i 11 e d and cur:~mand cfai 1 y wages r a n g i n g f r o m 5 t o 15 pesos ($0.27
81) above t h o s e f o r o t h e r l a b o r e r s ,
The pakyao n e t h o d o f cor12ensat i o n i s p r e f e r r e d by p r o j e c t n a n a g e r s and a d n i n i s t r a t o r s a t most s i t e s . The s y s t e n a l l o w s l a b o r e r s t o work a t t h e i r own pace and s e t t h e i r own h o u r s o f work.
At PAPjELCO I, where f a r m e r s a r e p a i d 43.33 pesos [ 8 2 . 3 
) / n L b y t h e c o o p e r a t i v e , sorne farr-lers r e p o r t e d l y s u b c o n t r a c t t h e h a r v e s t i n g o f t h e i r t r e e s t o o t h e r l a b o r e r s ,
U s i n y a p a k y a o system, t r e e f a r i n e r s pay l a b o r e r s 15 t o 20 pesos ($0.81 t o $1.(18)/n3 f o r h a rv e s t i n y .
L a b o r e r s c u t t i n y 1.5 m3/day t h e r e f o r e e a r n 22.50 t o 30.00 pesos ( $ 1 .22 t o $1.62).
The t o t a l l a b o r c o s t o f h a r v e s t i n g a h e c t a r e y i e l d i n g 200 r-i5 i s 3,WO t o 4,000 pesos ($162 t o S 2 l i i ) ,
A l l o f t h e c o o p e r a t i v e s o p e r a t i~y dendrothermal powerpl a n t s now use t h e pakyao system t o purchase wood on a v o f u n e o r w e i g h t b a s i s . e r e d t o t h e p o w e r p l a n t s , Payments conp e n s a t e b o t h t h e stumpage v a l u e o f t h e wood and t h e l a b o r r e q u i r e d t o h a r v e~t and ~w v e i t t o a s %~r l b l y p o i n t s o r t h e p o w e r p l a n t s .
7, F o r w a r d i n g Rugged topography, and t h e l d c k o f roads and t r a i l s , makes f o r w a r d i n g wood f r o m i t s p o i n t o f h a r v e s t t o l o a d i n g s t a t i o n s a l o n g r o a d s o r cableways one o f
t h e most chal 1 e n y i n j t d s k s a t energy p l a n t a t i o n s .
I n i t i a l F o r w a r d i n g Plans
The g o v e r n m e~t ' s e a r l y p l a n s f o r f o r w a r d i n g c a l l e d f o r t h e use o f rnotord r i v e n s k y l i n e s a t s e v e r a l p l a n t a t i o n s , These p o r t a b l e "feeder winches" were t o f o r w a r d wood t o l o a d i n g s t a t i o n s a l o n g t h e p r i m a r y wood t r a n s p o r t systems. The
NEA made an i n i t i a l purchase o f 20
winches from A u s t r i a i n 1981 and 1982. The c o s t , i n 1985 tertns, was n e a r l y 500,000 pesos ($27,001)) each.
CASUKECO i V i s t h e o n l y c o o~e r a t i v e u s i n y t h e winches a t t h i s time.
P r o j e c t managers r e p o r t f o r w a r d i n g an averdye o f 50 mi wood/day/unit.
However, e x p e r i e n c e a t CHSUKECO IV has shown t h a t t h e winches t a k e c o n s i d e r a b l e t i m e and s k i l l t o s e t up; t h a t t h e y a r e n o t e a s i l y t r a n s p o r t e d t o rugged, r o a d l e s s areas; and t h a t f u e l and maintenance c o s t s a r e s i g n i f i c a n t .
7.2 C u r r e n t P r a c t i c e s C u r r e n t l y , most f o r w a r d i ng depends on manpower alone.
Workers c a r r y o r s k i d l o g s down mountain s l o p e s w i t h o u t soy ?nii?a'l o r r~e r , h c t ? i c a f a s s ? ; s t , a w~, T i h P 1rri~f3"; j; 1 '~( f 7 f f l c i i f t , t i i~p r,oq5ijniq:j, t r l l c t r~o v c " r , t k l c l 4-i Ff -t cii 1 ty s f p~a n~n a l I-~r w a r r l i rig I~I P ; I I I C t h a t t r e t 4 a r : 1~r s a r~ rtll ~c t a r~t ; 
A t R o l i n a o (PANELCO I), t h e coopera t i v e uses t r u c k s t o h e l p f o r w a r d wood t o l o a d i ng s t a t i o n s a l o n g t h e nonocable l o o p s which s e r v e a s t h e p r i m a r y t r a n sp o r t system f o r t h e p l a n t a~, i o n . The p o t e n t i a l f o r f o r w a r d i n g wood by t r~~c k~ i s l i m i t e d , however, by t h e o p p o r t l m i t i~r t o c o n s t r u c t roads w i t h i n t h e
p l a n t a t i o n . 
h y s i c a l s e t t i n g s a t some p l a n -P r i v a t e t r l r c k e r s a r e h i r e f ! t o haul t a t i o n s , Furthermore, t h e NEA and t h e wood a t s e v e r a l p l a n t a t i o n s .
Cont r a c t n r s l 3 D C l a c k personnel w i t h experience t o a r e p a i d 6.00 t o 8.00 pesos ($0.32 t o i n s t a l l, operate, and naintal'n t h e $0,43)/m3 f o r l o a d i n g and u n l s a d i n y . systems. T r a n s~o r t charges a r e 2.130 t o 3.00 pesos ( $ O e l l t o $If.IfJ)fn3/km f o r s h o r t haul s and about 1.(30 peso ($il,i?t;) /rnls/kq f o r l o n g hauls,
8.2
Cable T r a n s p o r t B o t h t h e NEA and t h e FSDC expect t o use l i g h t cableways t o t r a n s p o r t wood i n rugged, road1 ess areas.
A f t e r s t u d y i ng t r a n s p o r t o p t i o n s i n 1979-80, t h e NEA approved t h e use o f a Swiss-manufactured rnonocable systern because o f t h e f o l l o w i ng f e a t u r e s (Sevi 11 a 1985) :
.The system t r a n s p o r t s 1 i g h t bundl es o f wood which a r e e a s i l y handled by 1 aborers.
.The s y s t e n i s f l e x i b l e ; i t can be r e 1 ocated as c o n d i t i o n s denand.
.Repairs a r e e a s i l y made.
,The system can be powered by e l e c t r i c i t y produced by t h e NEA d e n d r o t hermal powerpl a n t s . Theref o r e , f i n a n c i a l c o s t s a r e l o w e r t h a n f o r systems powered by gaso-1 i he o r d i e s e l engines, I n 1981-82, t h e NEA purchased 10 cableway u n i t s from S w i t z e r l a n d f o r a p p r o x i m a t e l y 5 m i 1 l i o n pesos ($270,000) each (1985 pesos).
The system uses 14-mm-diameter c a b l e i n l o o p s up t o 13 km i n l e n g t h ,
The c a b l e i s s t r a t e g ic a l l y e r e c t e d t o a l l o w l o a d i n g o f wood a t s e v e r a l p o i n t s t h r o u g h o u t t h e p l a nt a t i o n .
Wood i s bundled i n s l i n g s accommodating about 0.25 rn3 each and hooked t o t h e c o n t i n u o u s l y moving monocable.
The c a b l e can be d r i v e n by e i t h e r d i e s e l o r e l e c t r i c power and i s capable o f t r a n s p o r t i n g 12 t o 15 t wood/ h r e D e s p i t e i t s r e p u t e d advantages, t h e monocable system has been s t r o n g l y c r i ti c i z e d by independent observers f o r i t s Only ad PANELCO I has one o f t h e u n i t s been f u l l y i n s t a l l e d and operated. Eleven l a b o r e r s a r e needed t o o p e r a t e t h e system, b u t e x t r a workers a r e somet i m e s h i r e d on a pakyao b a s i s ( a t 1.00 p e s o l s l i n g loaded and hooked t o t h e monocable) t o speed l o a d i n g o p e r a t i o n s , Although t h e system i s capable o f t r a n sp o r t i n g 15 t (37.5 n,) o f wood/hr, p r od u c t i o n r a r e l y surpasses 11 t (27.5 m3)/ h r (Hinayon 1985) . A m a j o r problem i s f o r w a r d i n g s u f f i c i e n t wood t o t h e monoc a b l e t o ensure e f f i c i e n t o p e r a t i o n ,
8.3
Hauling w i t h Carabao C a r t s Among t h e u n c o n v e n t i o n a l t r a n s p o r t p r o p o s a l s i s one t o use four-wheeled carabao c a r t s as an a l t e r n a t i v e or supplement t o t r u c k s and cableways.
The c a r t s a r e equipped w i t h mechanical brakes and rubber t i r e s , and have a c a p a c i t y o f a t l e a s t 2.5 m3.
S i m i l a r c a r t s t e s t e d by PICOP commonly haul 4.0 m3 o r more.
Using a l l new m a t e r i a l s , c a r t s can be f a b r i c a t e d f o r about 15,000 pesos ($810) each (Hodam and Associates, Inc. 1985) .
C a r t and Truck Roads
I f t r u c k s o r carabao c a r t s a r e used f o r h a u l i n g wood, adequate road networks must be developed and maintained, At some p l a n t a t i o n s i t e s , c o n s t r u c t i o n o f new roads i s necessary.
A t o t h e r s , e x i s t i n g roads can be r e h a b i 1 i t a t e d , Recommended road speci f i c a t i o n s a r e shown i n t a b l e 6 , These e s t i m a t e s assume t h a t heavy equipment can be borrowed from P r o v i nc i a l E n g i n e e r s ' O f f i c e s o r t h e M i n i s t r y o f Pub1 i c Highways, w i t h t h e energy p r o je c t s p a y i n g o n l y f o r f u e l , o i l , l a b o r , and maintenance, I f t h e c o s t o f r e n t i n g heavy equipment i s i n c l u d e d , t r u c k road c o n s t r u c t i o n c o s t s i n c r e a s e t o about 5U0,000 pesos ($27,00O)/km and c a r t road c o n s t r u c t i o n c o s t s i n c r e a s e t o 125,000 pesos (86,750)fkm.
Costs were d e r i ved f r o m a study by t h e I n t e r n a t i o n a l Labor O r g a n i z a t i o n (1983). Table 6 . --S p e c i f i c a t i o n s f o r c a r t roads and t r u c k roads a t energy p l a n t a t i o n s i n t h e P h i l i p p i n e s 
Research Needs
A sense o f urgency m o t i v a t e d P h i l i p p i n e energy p l a n n e r s i n t h e l a t e 1970's and e a r l y 1 9 8 0 ' s . A c t i o no r i e n t e d a1 t e r n a t i ve energy programs were f a v o r e d o v e r t h o s e demanding e x t e ns i v e p r e l i m i n a r y research, FSIIC, NEA, and ilHS programs w i t h a m b i t i o u s g o a l s were e s t a b l i s h e d and funded generously, 9,l Species T r i a l s
The almost e x c l u s i v e use o f g i a n i p i 1 -i p i 1 f o r energy p l a n t a t i ons has r e s u l t e d i n very poor stands a t some s i t e s , The need t o d i v e r s i f y i s apparent, b u t 1 i t t l e research o f a l t e n a t i v e species has been completed, T r i a l s e s t a b l i s h e d i n 1983-85 must be m a i n t a i n e d a t l e a s t 2 more y e a r s t o b u s e f u l , Moreover, t r i a l s should be expanded t o encompass a g r e a t e r v a r i e o f c l i m a t i c and edaphic c o n d i t i o n s .
9.2
Economics o f P l a n t a t i o n S t o c k i n g
Optimal p l a n t a t i o n d e n s i t y and r o t a t i o n age a r e c r i t i c a l i s s u e s f o r p l a n t a t i o n f o r e s t r y i n t h e P h i l i p p i n e s . Most wood-energy s p e c i a l i s t s agree t h a t t h e g r e a t e s t biomass y i e l d s a r e o b t a i n e d from v e r y densely stocked p l a n t a t i o n s . But because p l a n t a t i o n s a r e usual l y l o c a t e d on steep slopes and wage r a t e s a r e r e l a t i v e l y low, n e a r l y a l l aspects o f p l a n t a t i on management a r e performed manually. Therefore, dense s t o c k i n g means i n c r e a s e d e x p e n d i t u r e s f o r p l a n t i n g , weeding, t h i n n i n g , h a r v e s t i n g , t r a n s p o r t , and hand1 i ng.
Several observers have suggested t h a t p l a n t a t i o n c o s t s c o u l d be reduced s i g n i f i c a n t l y by p l a n t i ng fewer seedl i n g s p e r h e c t a r e , i n t e n s i f y i n g t h i n n i n y regimes, and l e n g t h e n i n g r o t a t i o n s (Uugan 1985; F o r e s t Engi n e e r i ng I n c o rp o r a t e d 1984; PICOP 1984). Research i n t h i s area must i n t e g r a t e s i 1 v i c u l t u r e , b i o m e t r y , and e n g i n e e r i n g economics t o d e r i v e y i e l d and c o s t f u n c t i o n s w i t h i n an o p t i m i z i ng mu1 t i r o t a t i o n framework (Laarman and o t h e r s 1986).
9.3
Economic Eva1 u a t i o n o f P l a n t a t i o n I n p u t s PZarket p r i c e s a r e most o f t e n used f o r t h e i n i t i a l analyses o f energy p r o j e c t s and a l t e r n a t i v e s i n t h e P h i l i p p i n e s , Subsidies, taxes, t r a d e r e s t r i c t i o n s , p r i c e c e i 1 i n g s , and m i n imum wage l e g i s l a t i o n a l l d i s t o r t market p r i c e s from t h e t r u e economic value o f commodities and s e r v i c e s , however. Since taxes and s u b s i d i e s are merely t r a n s f e r payments w i t h i n s o c i e t y , t h e y do n o t increase o r d i m i n i s h t h e t o t a l w e a l t h of t h e c o u n t r y and should n o t be i n c l uded i n economic analyses, S i m i l a r l y , p r i c e c o n t r o l s and ninimun wage 1 aws prevent p r i ces from s t a b i -1 i z i ng a t t r u e economi c values.
Where unemployment and underemployment are high, workers might g l a d l y accept wages f a r below l e g i s l a t e d minimum r a t e s .
I n such instances, t h e o p p o r t u n i t y c o s t s o f h i r i n g l a b o r a r e l e s s than t h e minimum wage r a t e because l a b o r e r s w i l l remain re1 a t i v e l y unproduct i ve i n t h e absence o f t h e p r o j e c t --s o c i e t y gives up l i t t l e o r n o t h i n g when l a b o r e r s become employed by t h e new p r o j e c t .
!lore e f f e c t i v e p r o j e c t d e c i s i o nmaking can be made i f a l l economic e v a lu a t i o n i s based on "shadow p r i c e s " t h a t r e f i e c t t h e t r u e soci a1 o p p o r t u n i t y c o s t s o f p r o j e c t impacts.
Shadow p r i c e s a r e n o t always easy t o estimate, however. Research i s needed t o a c c u r a t e l y d e t e rmine what s o c i e t y g i v e s up by committing land, c a p i t a l , and l a b o r resources t o energy p r o j e c t s i n s t e a d o f a1 t e r n a t i ve p r o j e c t s . Only when r e a l i s t i c shadow p r i c e s have been estimated f o r a l l p r o je c t i n p u t s can planners be sure o f making sound economic d e c i s i o n s .
H a r v e s t i n g S t u d i e s
The NEA and t h e FSDC a r e now encoura g i n g farmers a t some s i t e s t o h a r v e s t w i t h bow saws and axes, i n combination w i t h bolos.
I n l i g h t o f t h e d i f f e r i n g recommendations o f Hodam and Associates, Inc., and I n t e r n a t i o n a l t a b o r Oryaniz a t i o n study teams, f u r t h e r research i s needed b e f o r e l a r g e investments a r e made f o r new h a r v e s t i n g t o o l s. when h a r v e s t i n g t r e e s t h a t are 4 t o 7 c q d.h.h., h u t h a r v e s t i~g l a r g e r stems may be r~o r e e f f i c i e n t i f bow saws and axes a r e accepted by farrrlers, 9.5 N u t r i e n t C y c l i n g Studies
The long-range impacts o f repeated biomass h a r v e s t on s o i l f e r t i l i t y a r e n o t w e l l understood.
The species t h a t i s planted, t h e frequency o f harvests, t h e i n t e n s i t y o f removals, and o t h e r f a c t o r s may a1 1 i n f 1 uence n u t r i e n t c y c l i n g . Studies should be implemented immediately t o m a n i t o r t h e long-range e f f e c t s o f p l a n t a t i o n management on s o i 1 n u t r i e n t l e v e l s , These s t u d i e s should be c o o r d i n a t e d w i t h s i m i l a r s t u d i e s i n o t h e r p a r t s o f t h e world.
9.6
Forwardi ng and Transport S t u d i e s Considerable t e s t i n g o f proposed f o r w a r d i ng and t r a n s p o r t a1 t e r n a t i v e s i s needed b e f o r e t h e a l t e r n a t i v e s can be implemented on a l a r g e scale.
Tests a r e needed most f o r techno1 o g i es t h a t a r e s t i l l l a r g e l y unproven (e.g., carabaopowered yarders, p o l y e t h y l ene chutes, carabao c a r t s ) .
Studies o f t h e e f f e c t s o f l o g 1 ength on t h e economics o f t r a n s p o r t are a l s o necessary. C u r r e n t l y , most l o g s a r e bucked i n t o 1-rn l e n g t h s a t t h e farm gate.
This l e n g t h p e r m i t s easy s c a l i n y o f t h e wood, b u t increases handl i n g costs.
Consultants ( F o r e s t Engineering I n c o r p o r a t e d 1984; P I C O P 1984) have suggested i n c r e a s i n g standard l o g l e n g t h s t o 3 t o 4 m, o r r e t a i n i n g l o g s i n t r e e -l e n g t h form.
I f handl i n g c o s t s can be s u b s t a n t i a l 1y reduced by t r a n sp o r t i n g 1 onger logs, new scal i ng t e c hniques should be developed t h a t would a l l o w p r o j e c t s t o purchase and t r a n s p o r t l o n g e r logs. S t u d i e s o f t h e optimum s i z e o f t r e e s f o r h a r v e s t i n g a r e a l s o needed. These should be c o o r d i n a t e d w i t h spacing and r o t a t i o n s t u d i e s described above. Woodcutters now seen most p r o d u c t i v e 10, Goncl u d i ng O b s e r v a t i ons 12, References U n f o r t u n a t e l y , t h e F u t u r e o f energy f a r n~i n g i r l t h e P h i l i p p i n e s i s l a r g e l y o u t s i d e t h e c o n t r o l o f the t r e e farmers or t h e sponsori ng government agenci es, Furthermor~, the c o u n t r y i s severe macroeconnmi e p r o h l ens may ha1 t t h e p r o g r e s s o f bionass-energy p r o y r a n s even i f t h e new government i s s t r o n g l y committed t o t h e progrdns, P h i l i y p i ne wood-energy programs have weathered c o n s i d e r a b l e d i f f i c u l t i e s a1 ready. Many t r e e f a r~n s have f a i l e d . F o r t h o s e t h a t remain, income and y i e l d s a r e o f t e n l e s s t h a n expected.
H a r v e s t i n g and t r a n s p o r t a r e d i f f i c u l t and expens i v e , D e s p i t e t h e s e problems, however, many farmers and admi n i s t r a t o r s have demonstrated t h e f l e x i b i 1 i t y needed t o m a i n t a i n t h e i r programs.
I f exogenous c o n d i t i o n s improve and i f programs a r e s u p p o r t e d by a d d i t i o n a l research, most o f t h e r e m a i n i n g t r e e farmers a r e l i k e l y t o succeed,
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